MLCTs, which are randomly interesterified triacylglycerol containing medium-and long-chain fatty acids in the same glycerol molecule, showed significantly higher acyl-CoA dehydrogenase activity when measured by using butyryl-CoA, octanoyl-CoA, and palmitoylCoA as substrates than long-chain triacylglycerol one hour after a single administration to rats. These results suggest that not only medium-chain fatty acid oxidation, but also long-chain fatty acid oxidation were increased in the liver of rats administered with MLCT.
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We have recently developed a new cooking oil containing triacylglycerols composed of medium-and long-chain fatty acids (MLCT) which are randomly structured lipids containing medium-chain fatty acid (MCFA) and long-chain fatty acid (LCFA) in the same glycerol molecule. 1) MLCT contains about 12% MCFA and can be substituted for the daily intake of long-chain triacylglycerol (LCT). Studies on humans and rats have shown MLCT to significantly lower body fat accumulation in comparison with LCT. [2] [3] [4] [5] This seems to be a unique physiological and biological characteristic of MCFA. [6] [7] [8] [9] Previous studies have suggested the possible mechanisms for this, including enhancement of the dietinduced energy expenditure 10) and activation of fatty acid oxidation that was achieved without activating de novo lipogenesis in the liver 4) and white adipose tissues.
5)
However, since MLCT contains only about 12% MCFA to the total amount of fatty acids, it is difficult to explain that only MCFA was rapidly subjected to fatty acid oxidation, resulting in a significantly lower body fat accumulation than with LCT. To elucidate the possibility that not only MCFA but also LCFA oxidation in the liver were increased by the MLCT administration, we spectrophotometrically measured the activity of representative hepatic fatty acid oxidation-related enzymes (acylCoA dehydrogenases, carnitine palmitoyltransferase (CPT), and acyl-CoA oxidase (ACO)) and the mRNA expression level by real-time PCR in Wistar rats 0.5, 1, 2 and 4 h after a single oral administration of emulsified MLCT, and compared the effects with those of LCT.
LCT (rapeseed oil) and MLCT (a randomly interesterified triacylglycerol containing MCFA (11.5%) and LCFA (88.5%) in the same molecule) were from Nisshin OilliO Group (Tokyo, Japan). The rapeseed oil contained 4.2% palmitic acid, 1.8% stearic acid, 59.0% oleic acid, 20.9% linoleic acid, 10.8% linolenic acid and 3.3% of other fatty acids. MLCT contained 8.7% octanoic acid, 2.8% decanoic acid, 3.7% palmitic acid, 1.7% stearic acid, 52.7% oleic acid, 18.2% linoleic acid, 9.5% linolenic acid and 2.7% of other fatty acids. Butyryl-CoA, octanoyl-CoA and palmitoyl-CoA were purchased from Sigma-Aldrich Japan (Tokyo, Japan). Six-week-old male Wistar rats were obtained from Japan SLC (Hamamatsu, Shizuoka, Japan). The rats were housed individually in a room with controlled temperature (20-24 C), humidity (40-60%), and lighting (lights on from 8:00 to 20:00), and given a standard commercial diet (Labo MR Stock, Nosan Corporation, Yokohama, Kanagawa, Japan) and tap water ad libitum for 7 d. Thirty-six rats were randomly assigned to eight groups (n ¼ 4, except the group measured 1 h after administration contained 6 rats). All the rats were treated in accordance with the guidelines established by the Japanese Society of Nutrition and Food Science (Law no. 105 and Notification no. 6 of the Japanese Government). The test oil emulsions were orally administered to the rats as already mentioned at 7,500 mg/kg after 6 h of fasting. The emulsions used in this study were prepared as described elsewhere.
11)
Fractions for measuring the lipid metabolism-related enzyme activities in rat liver were prepared as described previously, 11) except that about 6 g of each liver sample was homogenized. CPT, acyl-CoA dehydrogenase, and ACO were measured with a spectrophotometer as described previously. [12] [13] [14] The specific activities measured are expressed as nanomoles per min per mg of protein. The protein concentration was determined with a BCA protein assay kit (Pierce, Rockford, IL, USA), using bovine serum albumin as a standard.
Total RNA was extracted from each liver sample by using an Isogen kit (Nippon Gene, Tokyo, Japan), and the reverse transcriptional reaction was carried out by using a dNTP mix, oligo dT (12-18) primer, and Superscript II (Invitrogen, Tokyo, Japan) according to y To whom correspondence should be addressed. Tel: +81-46-837-2487; Fax: +81-46-837-2466; E-mail: h-shinohara@nisshin-oillio.com Abbreviations: ACADM, medium-chain acyl-CoA dehydrogenase; ACADL, long-chain acyl-CoA dehydrogenase; ACADS, short-chain acyl-CoA dehydrogenase; ACO, acyl-CoA oxidase; CPT, carnitine palmitoyltransferase; LCFA, long-chain fatty acid; LCT, long-chain triacylglycerol; MCFA, medium-chain fatty acid; MCT, medium-chain triacylglycerol; MLCT, medium-and long-chain triacylglycerol the manufacturer's instructions. Real-time quantitative PCR was performed with a LightCycler fluorescence temperature device (Roche Diagnostics, Tokyo, Japan). To confirm the precision of RNA extraction and RT-PCR, each sample was subjected to PCR amplification with a LightCycler FastStart DNA Master SYBR Green I kit (Roche Diagnostics, Tokyo, Japan). The primers used in this study were designed on-line with Primer 3 software (http://frodo.wi.mit.edu/primer3/) and purchased from Sigma Genosys Japan (Hokkaido, Japan). The primer sequences used were as follows: long-chain acyl-CoA dehydrogenase (ACADL) (sense, 5
0 -TAGGCAGAGGCAGAAGACAGCA-3 0 ), and -actin (sense, 5
0 -CGTTGACATCCGTAAAGACC-3 0 ; antisense, 5 0 -TAGAGCCACCAATCCACACA-3 0 ). These were based on the mRNA sequences from a database (the accession nos. are NM 012819 for ACADL, NM 016986 for ACADM, NM 022512 for ACADS, NM 017340 for ACO, NM 031559 for CPT1, NM 012930 for CPT2, and NM 031144 for -actin). PCR-grade water instead of first-strand DNA was used as a negative control. A melting curve was generated at the end of the cycling program and used to determine the specific PCR products. We used an internal standard curve based on serial dilutions of first-strand DNA from the liver of rats that had been fed on a standard commercial diet. The level of transcripts for the constitutive housekeeping gene product, -actin, was measured in each sample, and the data were normalized to the expression level of this housekeeping gene. These data are expressed in arbitrary units.
Each result is expressed as the mean AE SEM. The statistical significance between the two groups was evaluated by Student's t-test. Significant differences between groups were identified by using SPSS for Windows (version 10.0J; SPSS Japan, Tokyo, Japan). Results are considered significant at p < 0:05.
To examine the effect of each emulsified oil on hepatic fatty acid oxidation, we measured the carnitine palmitoyltransferase, acyl-CoA oxidase, and acyl-CoA dehydrogenase activities. Butyryl-, octanoyl-and palmitoyl-CoA were used as substrates for measuring the acyl-CoA dehydrogenase activity. As shown in Table 1 , the administration of MLCT caused transient but significantly higher activation of acyl-CoA dehydrogenases measured when using all these substrates when compared with that of LCT one hour after administration. These data suggest that not only MCFA, but also LCFA would have been oxidized during this early period. Papamadjaris et al. have reported that MCT increased the endogenous oxidation of long-chain saturated fatty acids in healthy female subjects.
15 ) The results suggest that not only exogenous, but also endogenous LCFA would have been oxidized after a single administration of MLCT. This might be related to our previous result that the activity of CPT, which is the rate-limiting enzyme for LCFA oxidation, was significantly higher in the white adipose tissue of rats that had been fed with MLCT than that with LCT. 5) On the other hand, although the CPT activity tended to be lower in the MLCT group than in the LCT group at all times except after 4 h, the difference was not significant (Table 1) . MCFA can easily be oxidized and yield acetyl-CoA, a source of malonyl-CoA for lipogenesis, and CPT activity is inhibited by malonyl-CoA. 16) This evidence would account for the lower activity at those times after the administration of MLCT, although there had been no apparent activation of lipogenesis in the rats fed with MLCT in our previous study. 4) All acyl-CoA dehydrogenase activities measured in this study at 2 h and 4 h after administration also showed a similar tendency, probably due to the lower CPT activity.
Since the apparent changes were observed 1 h after the administration, we examined by real-time PCR the expression levels of mRNAs for these enzymes. All data are expressed relative to the level of mRNA of the housekeeping gene, -actin. As shown in Fig. 1 , MLCT showed a significantly higher level for short-and longchain acyl-CoA dehydrogenases (ACADS and ACADL, respectively), but not for medium-chain acyl-CoA dehydrogenase (ACADM), than LCT. Similar results were obtained in our previous study on rats fed for 4 weeks with LCT, MCT, and MLCT. 4) ACADL is known to be the first-step enzyme in the mitochondrialoxidation of C6-C18 fatty acids, 17) suggesting that ACADM did not participate in the oxidation of MCFA in the liver after administering MLCT. Together with the data for the enzyme activities measured in this study (Table 1 ), these data suggest that MLCT transiently enhanced the ACADL and ACADS activities and its mRNA expression in the liver 1 h after administration, resulting in up-regulation of the mitochondrialoxidation of MCFA and LCFA. Although a further detailed study is necessary, these data probably show what was responsible for the lower body fat accumulation in the rats fed with MLCT.
In conclusion, our results suggest that the amount of MCFA available after an administration of MLCT was sufficient to transiently activate ACADL and ACADS and to up-regulate the expression of their mRNAs. Transient ACADL activation would cause increased MCFA and LCFA oxidation in the liver, and might increase not only exogenous, but also endogenous LCFA oxidation after a single administration of MLCT. These observations would be related to the possible mechanism for the preventive effects of MLCT on body fat accumulation. The messenger RNA expression levels of enzymes related to hepatic fatty acid oxidation 1 h after the administration were measured by real-time PCR (LightCycler). Values for the rats administered with LCT (unfilled boxes) and MLCT (filled boxes) were normalized to the expression level of the -actin housekeeping gene, and are expressed in arbitrary units. Each value is expressed as the mean AE SEM, n ¼ 6 rats. Data were analyzed by Student's t-test. An asterisk shows a significant difference between the rats administered with LCT and MLCT, p < 0:05. ACADS, short-chain acyl-CoA dehydrogenase; ACADM, medium-chain acyl-CoA dehydrogenase; ACADL, long-chain acyl-CoA dehydrogenase; CPT1, carnitine palmitoyltransferase 1; CPT2, carnitine palmitoyltransferase 2; ACO, acyl-CoA oxidase.
